12 CO (J=1-0 and 2-1), 13 CO (J=1-0), and C 18 O (J=1-0) observations in the direction of the supernova remnant (SNR) G22.7−0.2. A filamentary molecular gas structure, which is likely part of a larger molecular complex with V LSR ∼75-79 km s −1 , is detected and is found to surround the southern boundary of the remnant. In particular, the high-velocity wing (77-110 km s −1 ) in the 12 CO (J=1-0 and J=2-1) emission shows convincing evidence of the interaction between SNR G22.7−0.2 and the 75-79 km s −1 molecular clouds (MCs). Spectra with redshifted profiles, a signature of shocked molecular gas, are seen in the southeastern boundary of the remnant. The association between the remnant and the 77 km s −1 MCs places the remnant at the near distance of 4.4±0.4 kpc, which agrees with a location on the Scutum-Crux arm. We suggest that SNR G22.7−0.2, SNR W41, and H ii region G022.760-0.485 are at the same distance and are associated with GMC G23.0−0.4.
INTRODUCTION
Massive stars form from molecular clouds (MCs) and they interact with their ambient interstellar medium (ISM). Mass and energy deposition from the massive stars into the surrounding ISM occurs via strong ultraviolet radiation, powerful stellar winds, and finally, violent supernova explosions. When these blast waves hit the nearby MCs, the shocks will compress, heat, accelerate, and even dissociate the molecular gas, which leads to a wide variety of observable effects. The interplay between the shock and the molecular gas may trigger star formation in the nearby giant molecular cloud (GMC). A shock interaction with MCs can also generate γ-rays as a result of a neutral pion decay after a p-p collision (hadronic interaction), which may exhibit observable very high energy (VHE) emissions. In all of the study field, the molecular emission is a useful tool to investigate the nature of shock-MC interactions (see a recently view in Chen et al. 2014) .
Supernova remnant (SNR) G22.7−0.2, with a diameter of 26 ′ , is listed in the catalog of Green (1991) . The remnant is located in a complex field with multiple H ii regions and an adjacent SNR G23.3−0.3 (W41) (see Figures 11 and 12 in Messineo et al. 2010 ) that has been studied less. SNR G22.7−0.2 shows a faint shell structure in the radio emission and it displays a concave structure on the southern part of the shell. There are numerous mid-infrared filaments evident at 5.8-8µm in coincidence with the radio shell of the remnant, which was suspected as a possible region of SNR-MC interaction (Reach et al. 2006) . Helfand et al. (2006) identified the G22.7−0.2's southern object G22.7583−0.4917 as a SNR candidate with 5.
′ 0 diameter, while Thompson et al. (2006) suggested that G22.76−0.49 is probably an H ii region. Including the H ii regions or SNR candidates in the field of view (FOV) of SNR G22.7−0.2 (Helfand et al. 2006 ; Anderson et al. 2014 ), a VHE source, HESS J1832-093, is lying on the western edge of SNR G22.7−0.2, but its origin remains undetermined (Laffon et al. 2013) .
The study of SNR G22.7−0.2 is motivated by the possible relationship between the multiple objects and the remnant in the complex region. We performed new millimeter CO (J=1-0) observations (covering about 1 deg 2 ) toward the remnant to investigate the overall MC distribution surrounding the complex region. Very wide 77-110 km s −1 line broadenings are seen in the spectra of 12 CO (J=1-0 and J=2-1) in the southeastern boundary of the remnant; this represents evidence for shock-MC interactions. We suggest that the V LSR ∼75-79 km s
−1
MCs are physically associated with the remnant because of the spatial and kinematic features. We also explore the relationship between the SNR G22.7−0.2 and the overlapping H ii regions.
The paper is structured as follows. In Section 2, we show the CO observations and the data reduction. In Sections 3 and 4, we describe the main results and the physical discussion, respectively. A brief summary is given in Section 5.
OBSERVATIONS AND DATA REDUCTION
The observations toward SNR G22.7−0.2 were made simultaneously in the 12 CO (J=1-0) line (at 115.271 GHz), the 13 CO (J=1-0) line (110.201 GHz), and the C 18 O (J=1-0) line (109.782 GHz) during 2013 March and April using the 13.7 m millimeter-wavelength telescope of the Purple Mountain Observatory at Delingha in China. It is a part of the Milky Way Imaging Scroll Painting (MWISP) project for investigating the nature of the molecular gas along the northern Galactic Plane. We used a new 3×3 pixel Superconducting Spectroscopic Array Receiver as the front end, which was made with Superconductor-InsulatorSuperconductor (SIS) mixers using the sideband sepa- -12 CO (J=1-0; blue), 13 CO (J=1-0; green), and C 18 O (J=1-0; red) intensity maps in the 71-86 km s −1 interval with a linear scale of SNR G22.7−0.2 overlaid with the VGPS 1.4 GHz radio continuum emission contours. The black box indicates the region from which the spectra of the shocked gas are extracted (see Figure 3) . The red rectangle and the yellow rectangle show the region of GMC G23.0−0.4W and GMC G22.6−0.2, respectively. The red circle shows the location of HESS J1832-093 (Laffon et al. 2013) . SNR W41 (G23.3−0.3) is located to the left of SNR G22.7−0.2. rating scheme (Shan et al. 2012; Zuo et al. 2011 ). An instantaneous bandwidth of 1 GHz was used as the back end. Each spectrometer provided 16,384 channels, resulting in a spectral resolution of 61 kHz, equivalent to a velocity resolution of about 0.16 km s −1 for 12 CO and 0.17 km s −1 for 13 CO and C 18 O. The half-power beam width (HPBW) of the telescope was about 50 ′′ , and the pointing accuracy of the telescope was greater than 4 ′′ in the observing epoch. We used the on-the-fly observing technique to map the 0.
• 9×0.
• 9 area centered at (l=22.
• 75, b=−0.
• 25) with a scan speed of 50 ′′ s −1 and a step of 15 ′′ along the Galactic longitude and latitude. The mean rms noise level of the brightness temperature (T R ) was about 0.5 K for 12 CO and 0.3 K for 13 CO and C 18 O. All of the CO data used in this study are expressed in brightness temperature. Here we adopt the main beam efficiency η mb = 0.44 for 12 CO and 0.48 for 13 CO and
, assuming a beam filling factor of f b ∼ 1).
We also used the 12 CO (J=2-1) line (at 230.538 GHz), which was observed during 2010 January and February using the 3 m submillimeter telescope at the Kölner Observatory for Submillimeter Astronomy (KOSMA) in Switzerland.
An SIS receiver and a mediumresolution acoustic-optical spectrometer (AOS) spectrometer were used. The AOS bandwidth and velocity resolution were about 300 MHz and 0.2 km s −1 , respectively. All of the CO data were reduced using the GILDAS/CLASS package developed by IRAM 1 . Finally, the baseline-corrected spectra of CO (J=1-0) were converted to three-dimensional cube data with a grid spacing of 30
′′ and a velocity channel separation of 0.5 km s −1 for subsequent analysis. The spectra of CO (J=2-1) were converted to 1 ′ × 1 ′ × 0.5 km s −1 cube data. The VLA Galactic Plane Survey (VGPS, Stil et al. 2006 ) radio continuum emissions were also used for comparison. In the FOV of SNR G22.7−0.2, the 12 CO (J=1-0) is in a broad velocity range between 0 and 130 km s −1 , characterized by multiple peaks because the remnant is near the inner Galaxy. After checking the CO emission intensity maps channel by channel, we found a morphological correlation between the 71-86 km s −1 MCs and SNR G22.7−0.2.
RESULTS

MC Distribution
The 71-86 km s −1 MCs were also called the molecular cloud complex [23, 78] based on 1.2m CO survey (Dame et al. 1986 ). On the other hand, Messineo et al. (2014) identified this GMC as G23.3−0.3 at a distance of 4-5 kpc (Albert et al. 2006) . Based on our new CO observations (see Section 2), we identified the molecular cloud complex as GMC G23.0−0.4 (V LSR ∼77 km s −1 ). The GMC G23.0−0.4 centered at (l=23.
• 0,b=−0.
• 4) covers about 1.
• 1×0.
• 4 area in 13 CO emission and it generally shows the filamentary structure. Figure 1 shows a portion of GMC G23.0−0.4 that cov- Note.
a See text for the two methods (LTE/X-factor) used for the calculation. b Parameter d4.4 is the distance to the cloud in units of 4.4 kpc.
c Assuming a depth of 10 ′ for GMC G22.6−0.2 and 20 ′ for GMC G23.0−0.4W along the line of sight.
Fig. 3.-12 CO(J=1-0; black), 13 CO(J=1-0; blue, multiplied by a factor of three), C 18 O (J=1-0; green, multiplied by a factor of six), and 12 CO(J=2-1; red) spectra of the shocked gas extracted from the region indicated in Figure 1 (black box).
ers the SNR G22.7−0.2. The composite image displays the intensity map of the CO lines integrated in the 71-86 km s −1 interval ( 12 CO J=1-0 in blue, 13 CO J=1-0 in green, and C
18 O J=1-0 in red). The brightest portions of the three lines are found in the region of the west part of the GMC G23.0−0.4 (about 1.
• 4 in size) and GMC G22.6−0.2 (about 0.
• 3×0.
• 2 in size). Hereafter, we regard the west part of GMC G23.0−0.4 as G23.0−0.4W. In GMC G23.0−0.4W (Figure 1 ), the CO emission shows a filamentary structure that nicely surrounds and folds the southern region of SNR G22.7−0.2. The GMC G22.6−0.2 is located in the west of the remnant (see the yellow rectangle in Figure 1 ) along with HESS J1832-093 (see the red circle in Figure 1 ). Several relatively faint filamentary structures are also seen around the northern part of the remnant. To investigate the detailed structures of the MCs in the vicinity of SNR G22.7−0.2, we made an intensity-weighted velocity (the first moment) map of 13 CO emission in the velocity range of 70-81 km s −1 (see Figure 2 ). In Figure 2 , we can see the same filamentary structure in the GMC G23.0−0.4W. The filament surrounds SNR G22.7−0.2 and has a velocity of ∼76-78 km s −1 . In the northern border, the higher velocity (V LSR ∼79 km s −1 ) of the molecular gas inherent to the SNR could be contaminated by other clouds at 80-90 km s −1 . Similar high velocity gas is visible roughly in the top panel of Figure 11 of Messineo et al. (2014) . The 13 CO (J=1-0) velocity coded image of SNR G22.7−0.2 generally seems to show a cavity structure.
We show the physical properties of the GMCs G23.0−0.4W and G22.6−0.2 in Table 1 . Here two methods have been used in the derivation of the column den- sities and the masses of the GMCs. In the first method, on the assumption of local thermodynamic equilibrium (LTE) and the 12 CO (J=1-0) line being optically thick, we can derive the excitation temperature from the peak radiation temperature of the 12 CO (J=1-0). The 13 CO (J=1-0) emission is optically thin and the 13 CO column density is converted to the H 2 column density using Frerking et al. 1982) . In the second method, the H 2 column density is estimated by adopting the mean CO-to-H 2 mass conversion factor 1.8 × 10 20 cm −2 K −1 km −1 s (Dame et al. 2001 ). In the estimate of the mass of the GMCs, a mean molecular weight per H 2 molecule of 2.76 has been adopted. The distance of the GMCs was adopted as 4.4 kpc (see Section 4.1).
We found that the derived physical parameters of the LTE method are similar to that of the X-factor method (Table 1) . On the other hand, the mean optical depth of the 13 CO (J=1-0) emission of GMC G23.0−0.4W is a half of that of GMC G22.6−0.2. • 360) to (l=22.
• 590, b=−0.
• 590), upper panels) and the short arrow ((l=22.
• 942, b=−0.
• 583) to (l=22.
• 742, b=−0.
• 350), lower panels) with a width of 1. ′ 5 (see Figure 4) . The red lines in the upper panels mark the spatial region of H ii region G22.76−0.485 (ID 06 in Table 3 ).
Shocked Molecular Gas in the Remnant
To search for the kinematic evidence for the interaction between SNR G22.7−0.2 and the ambient MCs, we analyzed the spectra of the 12 CO (J=1-0 and J=2-1) emission of the remnant in detail. The spectra of the 13 CO (J=1-0) were also used for comparison, considering that the 13 CO line is more optically thin than the 12 CO lines and thus can be used to show the relatively undisturbed component. We found the clear line broadening structure of the 12 CO emission in the southeastern region of the remnant, which extends from the peak velocity of ∼77 km s −1 to ∼110 km s −1 . The redshifted profile indicates that the molecular gas of the 77 km s −1 MC is mainly located behind the expanding SNR. The spectra are shown in Figure 3 and the spectral extraction region is indicated by the black box in Figure 1 . The 12 CO (J=1-0 and J=2-1) line broadenings provide kinematic evidence for the interaction between SNR G22.7−0.2 and the ambient molecular gas with a system velocity of ∼77 km s −1 . Figure 4 displays the intensity maps of the shocked gas in the 86-99 km s −1 interval. The distribution of the shocked gas seems to extend along the southeastern radio border of SNR G22.7−0.2.
We did not find the broadening profile of the 12 CO emission in the region of GMC G22.6−0.2, although it has a similar velocity to that of the southern cloud in GMC G23.0-0.4W and it is projectively located inside the remnant. There may be two possible reasons to explain this. First, the GMC G22.6−0.2 is not actually in physical contact with SNR G22.7-0.2, but is instead in the foreground or background of the remnant. Second, the SNR's shock is interacting with the molecular gas of the GMC G22.6−0.2. In this case, the broadened lines are probably contaminated by other velocity components between 70 km s −1 and 90 km s −1 . This limited our investigation for the SNR-MC interaction in CO emission. Other observations are needed to clarify the issue. Figure 5 shows the position-velocity (PV) diagrams of the shocked gas along and perpendicular to the southeastern radio boundary of SNR G22.7−0.2 (see the red The color scheme is adjusted to highlight the enhancement of the velocity dispersion. The red arrow indicates the direction of the PV diagrams (see Figure 7 ) and the blue dotted line indicates the concave structure. The character "C" indicates the location of the stellar cluster GLIMPSE9 (Messineo et al. 2010) .
arrows in Figure 4 ). We can discern the quiescent component in the 70-81 km s −1 interval (see the 13 CO PV diagrams in the right panels) and the shocked component in the 83-106 km s −1 interval (see the 12 CO PV diagrams in the left panels). The highest velocity of the shocked gas as revealed by the 12 CO PV diagrams is extended to ∼110 km s −1 , indicative of ∼30 km s −1 shock velocity at least. The value of the broadening velocity is comparable to that of SNR W44 (>25 km s −1 ; Seta et al. 2004 ) and SNR IC 443 (10-100 km s −1 ; Snell et al. 2005) . On the other hand, the value of the broadening velocity of SNR G22.7−0.2 is larger than that found in other SNR-MC interaction systems (several kilometers per second for SNR Kes 75 and SNR 3C 396; Su et al. 2009 Su et al. , 2011 .
We also made an intensity-weighted velocity dispersion (the second moment) map of the 13 CO emission in the velocity range of 70-81 km s −1 toward the molecular gas in GMC G23.0−0.4W (see Figure 6 ). This roughly shows the velocity dispersion in the given velocity range of 70-81 km s −1 : the higher the velocity dispersion, the greater the range of velocities. Some interesting structures are found to be located in the south of the remnant. In Figure 6 , a filamentary structure (the red arrow) and a concave structure (the blue dotted line) seem to be associated with the remnant. The arrow is roughly located at the inner border of the SNR shell as seen in Figures 1 and  2 . The 12 CO PV diagram of the filament also shows the line broadening structure (see the 84-90 km s −1 emission in the left panel of Figure 7 ) compared to the 13 CO PV diagram (right panel of Figure 7 ), which is likely due to the shock-MC interaction in the region. We will discuss the possible origin of the concave structure in Section 4.2.
The CO component in the velocity of ∼60-70 km s −1 limited the investigation for the blueshifted wing of the shocked gas. However, the enhancement of the 12 CO (J=2-1) in the interval of 68-74 km s −1 probably indicates the shock-MC interaction (see Figure 3 ). More observations are needed to clarify the characteristics of the shocked gas in the region.
Weak
13 CO (J=1-0) emission has been detected from the high-velocity wings in the region of the shocked gas (see Figures 3 and 5) , which probably indicates that the 12 CO (J=1-0) line wings are not optically thin. Coincidentally, SNR IC 443, another SNR-MC system, also displays very weak wings of the 13 CO (J=1-0) line in the velocity interval of −50 to −10 km s −1 toward the shocked gas of the clump B (see Figure 15 in Zhang et al. 2010) . It shows that the 12 CO emission of the broadening for shocked gas probably has a median optical depth for some cases.
If the excitation temperatures and the beam filling factors of the 12 CO (J=1-0) and 13 CO (J=1-0) lines are equal, the average optical depth of the shocked gas can be estimated from the ratio of the integrated intensity over the high-velocity emission for 12 CO/ 13 CO (Snell et al. 1984) . The integrated intensity ratio value is about 20.9 for a 5 ′ × 5 ′ shocked region centered at (l=22.
• 833,b=−0.
• 467). Assuming the optical depth of 13 CO (J=1-0) emission τ (13) ≪1 in the line wing and the isotopic ratio 12 C/ 13 C= τ (12)/τ (13)=41 (Milam et al. 2005) , we get the optical depth of τ (12) ∼1.6 for the shocked high velocity 12 CO (J=1-0) gas. We note that the optical depth estimated for the shocked gas is close to that of the stellar cluster GLIMPSE9 in K S band (Messineo et al. 2010 ). The column density of the shocked gas in the interval of 83-106 km s −1 ( Figure 5 ) can be estimated as 2.4×10 21 cm −2 . The mean density of the shocked gas is about 120d Table 1 ) and a conversion factor N (H 2 )/N ( 12 CO) ≈ 1 × 10 4 (Herbst & Leung 1989) are assumed. Therefore, the mass, momentum, and energy of the high velocity shocked gas are estimated to be 2.2d 4.4 ×10 48 erg, respectively. These values should be regarded as lower limits since it is very likely that the excitation temperature is T ex (CO wing)≥23 K at the shock-heated region and that the optical depth of 12 CO (J=1-0) emission is τ (12) ≥1.6 for the region of the high column density. Additionally, the low-velocity component of the shocked gas is not accounted for because of the contamination of the line center emission. 
MCs and the Distance to the Remnant
In Section 3, we showed spatial and kinematic evidence for the association between SNR G22.7−0.2 and the V LSR ∼77 km s −1 MCs. First, the molecular gas in GMC G23.0−0.4W at a radial velocity of 71-86 km s −1 is found to surround the southern radio shell of the remnant (Figures 1 and 2) . The map of the 13 CO velocity distribution seems to display a cavity structure in which SNR G22.7−0.2 is embedded (Figure 2) . Second, the 83-110 km s −1 red wing of the 12 CO (J=1-0 and J=2-1) emission is found in a region of GMC G23.0−0.4W (l=22.
• 833, b=−0.
• 467), providing convincing kinematic evidence for the SNR-MC interaction (Figures 3 and 5) . -PV diagrams of the 12 CO (J=1-0) and 13 CO (J=1-0) emission along the molecular gas slice, which is located along the southeastern bright radio shell of the remnant. The position is measured along the arrow ((l=22.
• 910, b=−0.
• 340) to (l=22.
• 640, b=−0.
• 520), see Figure 6 ) with a width of 1. ′ 5. The red lines mark the spatial region of H ii region G22.76−0.485 (ID 06 in Table 3 ). 
The
12 CO PV diagram of a filament along the southeastern radio shell ((l=22.
• 850, b=−0.
• 384), see the red arrow in Figure 6 ) also displays the broadening structure, which further supports the interaction between the remnant and the 77 km s −1 MCs (the left panel in Figure 7) .
The association of SNR G22.7−0.2 with the MCs at the systemic velocity, ∼77 km s −1 , enables us to place the SNR at a near kinematic distance of 4.4±0.4 kpc by using the Galactic rotation curve model of Reid et al. (2014) .
We also exclude the far distance of the 77 km s −1 MCs based on the H i self-absorption method (Roman-Duval et al. 2009 ). The 4.4±0.4 kpc kinematic distance with a system velocity of ∼77 km s −1 , roughly places the remnant at the near side of the ScutumCrux arm (see the distance of the Galactic arm in Taylor & Cordes 1993; Sewilo et al. 2004) . It is also consistent with the distance of the dense clumps in the GMC with velocity of ∼77 km s −1 (Table 2) , which is estimated for dust-continuum-identified MC clumps from the Bolocam Galactic Plane Survey in the inner Galaxy (Ellsworth-Bowers et al. 2013). These MC clumps are probably the cradle of massive star formation in the GMC with a velocity of ∼77 km s −1 . We note that the distance of SNR G22.7−0.2 is close to that of the nearby SNR W41 (see the radio contours in the east of Figure 1 ). Leahy & Tian (2008) estimated the kinematic distance of 3.9-4.5 kpc for SNR W41 based on the H i and 13 CO data. Recently, Frail et al. (2013) report on the discovery of 1720 MHz OH line emission of the radio continuum of SNR W41 with the radial velocity of 74 km s −1 , which is strong evidence for a SNR-MC interaction system. The radial velocity of the OH emission coincides with the system velocity of the east part of GMC G23.0−0.4, indicative of the interaction between SNR W41 and the GMC. Moreover, the east part of GMC G23.0−0.4 with V LSR ∼77 km s −1 extends toward SNR W41 and it covers the projected area of the remnant. The east part of GMC G23.0−0.4 is probably partly responsible for the bright VHE emission of HESS J1834−087 (see Section 4.3). Since SNRs G22.7−0.2 and W41 are both interacting with the GMC G23.0−0.4, the two SNRs are at a similar distance.
The radius of SNR G22.7−0.2 is about 18d 4.4 pc and no extended X-ray emission has been detected up to now. Assuming the ∼100 km s −1 expansion velocity of the shock in the radiative phase, the age of SNR G22.7−0.2 is about several tens of thousands of years. Adopting the SNR's radius of ∼14 ′ , the solid angle of the shocked gas is about 0.1 sr in the southeastern boundary of the remnant. Thus we estimated the kinetic energy of the remnant to be at least ∼6.3d 50 erg, which is consistent with the typical kinetic energy release of 10 51 erg for a SNR.
Relationship Between the SNR and the Overlapping
Star-forming Regions There are multiple H ii regions in the FOV of SNR G22.7−0.2. We list the physical parameters of these H ii regions in Table 3 . Most of the H ii regions seem to be associated with the 70-81 km s −1 MCs, e.g., GMC G23.0−0.4W (see Figure 8) .
The H ii region G022.760−0.485 with a systemic velocity of Thompson et al. 2006 . b The source is a SNR candidate (G022.7583−0.4917) based on the Multi-Array Galactic Plane Imaging Survey (Helfand et al. 2006) .
c The source is a SNR candidate (G022.9917−0.3583) based on the Multi-Array Galactic Plane Imaging Survey (Helfand et al. 2006 ).
km s
−1 (ID 6 in Table 3 ) is located in the south of SNR G22.7−0.2, in which the radio emission of the remnant shows a concave structure. A spectrophotometric distance of 4.2±0.4 kpc was derived for the cluster GLIMPSE9 (l=22.
• 756, b=−0.
• 400) (Messineo et al. 2010 ) and of ∼4.6 kpc for molecular complex (Messineo et al. 2014 ). The cluster is located in the concave structure (see the character "C" in Figure 6) . Brunthaler et al. (2009) Table 3 , V LSR ∼76 km s −1 ). Ellsworth-Bowers et al. (2013) presented a new distance estimation for dust-continuumidentified MC clumps, nine of which are probably associated with the 77 km s −1 GMCs (Table 2, Figure 8 ). Therefore, these objects are likely associated with the GMC with velocity ∼77 km s −1 because of the systematic velocity coincidence.
As mentioned in Sections 3.2 and 4.1, we show that SNR G22.7−0.2 is interacting with the southern molecular gas in GMC G23.0−0.4W. The velocity coincidence of the H ii region G022.760−0.485 and the ambient 77 km s −1 GMC indicates that the H ii region is probably physically associated with SNR G22.7−0.2. The overlapping of the velocity dispersion of MCs and the radio emission in the concave structure (blue dotted line in Figure 6 ) strengthen above suggestion. The enhancement of the velocity dispersion in the concave structure (Figure 6 ) is probably due to the shock perturbation by SNR G22.7−0.2 and the H ii region G022.760−0.485. Moreover, the interstellar extinction and spectral type of stars in the core of G22.760−0.485 and in the proximity of the southern border of SNR G22.7−0.2 supports the association of SNR G22.7−0.2 and G022.760−0.485 with the same GMC (Messineo et al. 2014) . We note that a few of these radio-continuum sources may be composite sources (e.g., H ii region G022.760−0.485). Helfand et al. (2006) Table 2 and ID 01-14 indicate the H ii regions listed in Table 3 . The red circle shows the location of HESS J1832-093 (Laffon et al. 2013) . The black box indicates the region of the shocked gas (see Figure 9 ). in their Table 3 ). Figure 9 shows a map intensity of the shocked gas in the south of the remnant. We find that the shocked gas is mainly located on the eastern edge of H ii region G022.760−0.485. A part of the faint emission of the shocked gas also can be discerned in the northwestern boundary of the H ii region. Nevertheless, there is little emission of the shocked gas in the region between the remnant and the H ii region. A possible explanation is that the molecular gas in the north of H ii region G022.760−0.485 were swept away by the SNR's shock and were exhausted by the interaction between the SNR and the H ii region.
The age of the stellar cluster, which is located in the concave structure (see the character "C" in Figure 6 ), is about 27 to several Myrs (Messineo et al. 2010 ). On the other hand, the age of H ii region G022.760−0.485, which is about 5 ′ away from the stellar cluster, is about 0.1 to several Myrs (Dyson & Williams 1980) . Meanwhile, Messineo et al. (2014) estimated the age of the O-types stars associated with GMC G23.0−0.4 (the GMC G23.3−0.3 in their paper) of a likely age of 5-8 Myr. Interestingly, one of star (ID 25 in their paper) is exactly located on the center of the H ii region G022.760−0.485. Presuming that the stellar cluster and H ii region G022.760−0.485 were birthed in the same MCs in the southern edge of the remnant, the progenitor's activities of SNR G22.7−0.2 seem a plausible triggering mechanism for the new generation of star formation in the ambient GMC.
The Very High-Energy γ-ray Source HESS
J1832−093 Adjacent to the Remnant The MCs that SNRs are associated or interacting with are a good probe for the hadronic process (see the recent view in Chen et al. 2014) . Several SNRs are detected with bright high-energy emission by their interaction with nearby MCs, e.g., SNRs W28 (Aharonian et al. 2008 ) and IC 443 (Abdo et al. 2010; Ackermann et al. 2013; Su et al. 2014) . At the west boundary of SNR G22.7−0.2, HESS J1832−093 is detected with a significance of 5.6σ (Laffon et al. 2013) . Laffon et al. (2013) found an infrared source, 2MASS J18324516−0921545, around the position of a point-like X-ray source, XMMU J183245−0921539. They discussed the possible origination of the VHE source. The VHE emission is spatially coincident with the 1×10 5 M ⊙ GMC G22.6−0.2 (Figures 1 and 8) . A possible origin of the γ-rays is hadronic interactions of the cosmic rays with the GMC.
There is no VHE emission detected in the south of SNR G22.7−0.2, where massive molecular gas in GMC G23.0−0.4W is located. However, Frail et al. (2013) argued that the correlation between the VHE γ-ray source HESS J1834−087 and the 1720 MHz OH masers of SNR W41 favors a hadronic interpretation for the VHE emission. The 74 km s −1 radial velocity of the OH masers is consistent with the velocity of GMC G23.0−0.4, indicating that SNR W41, behind the GMC, is in physical contact with it (Frail et al. 2013) . Abramowski et al. (2014) discussed the origin of the high-energy emission of SNR W41 in detail and they also favored the hadronic scenario from GeV to TeV extended emission. Why is there no detectable high-energy emission in the south of SNR G22.7−0.2? Further searches for detecting and characterizing high-energy emission in the vicinity of SNR G22.7−0.2 are needed to be performed.
SUMMARY
Millimeter and submillimeter CO studies have been performed on SNR G22.7−0.2. We conclude the main results of our analysis as follows.
1. We have found spatial and kinematic evidence to support the association between SNR G22.7−0.2 and the nearby 77 km s −1 MCs. The intensity map of the molecular gas in GMC G23.0−0.4W in 75-79 km s −1 displays filamentary structures surrounding the southern boundary of the remnant. The molecular gas (l=22.
• 467) shows a redshifted broadening (77-110 km s −1 ) in the 12 CO (J=1-0 and J=2-1) line emission, which indicates convincing kinematic evidence for SNR-MC interaction.
2. We place SNR G22.7−0.2 at a kinematic distance of 4.4±0.4 kpc based on the association between the remnant and the 77 km s −1 GMC G23.0−0.4. The SNR is located at the near side of the Scutum-Crux arm, where several H ii regions are evolving in the complicated MC environment.
3. We suggest that the overlapping H ii region G022.760−0.485 with a radial velocity ∼74.8 km s −1 is possibly associated with SNR G22.7−0.2 and is likely to be triggered by the stellar winds from the massive progenitor of the remnant.
4. SNRs G22.7−0.2 and W41 are both interacting with V LSR ∼77 km s −1 GMC G23.0−0.4, indicating that they very likely have a similar distance.
